Abstract With the purpose of studying the curve of parathyroid hormone (PTH ) secretion. The mathematical model which best relates PTH and serum calcium parathyroid response to variations of serum calcium during dialysis, we studied 20 patients on haemodia-is a sigmoidal curve, which has been described for many years in 'in vitro ' and 'in vivo' studies [1-7]. lysis: 10 women and 10 men, with different forms of bone disease diagnosed by bone biopsy (adynamic Haemodialysis patients show different baseline intact PTH (iPTH ) concentrations that correlate with differbone disease, mild hyperparathyroidism, severe hyperparathyroidism). In all patients, we performed para-ent histological forms of bone disease. With this aim, the use of immunoradiometric assays to measure iPTH thyroid stimulation by 4 h dialysis with 1 mEq/l of Ca2+ in the dialysate, and an inhibition test in another has resulted in an important advance in the predictive value of histological forms of high and low bone dialysis session with 4 mEq/l of Ca2+, with a 48 h interval. Ca2+ and intact parathyroid hormone (iPTH ) turnover. There is still a group of patients with low iPTH in which different pathogenic forms overlap, were measured prior to dialysis and every hour subsequently, to obtain a Ca2+-iPTH for each patient. such as adynamic bone disease and mild hyperparathyroidism [8][9][10]. The analysis of the curves was made using Brown's four-parameter model. Stimulation and inhibition
Introduction
We studied 20 patients on chronic haemodialysis (66±53 months), 10 men and 10 women, aged 58±14 years. The aetiology of chronic renal failure was: chronic glomerulopaIt has been known for >30 years that serum calcium thy (n=5), polycystic renal disease (n=4), nephroangiosclconcentration is the most important factor regulating erosis (n=6), reflux nephropathy (n=1), hereditary diseases (n=2) and unknown (n=2). None of them had been parathy- There were no diabetic patients in the population studied.
All patients were haemodialyzed 12 h per week using a ive analysis between different groups. Results were expressed as mean±standard deviation. reverse osmosis system or deionizer for water treatment, and with 3.5 mEq/l of Ca2+ in the dialysate.
Statistical analysis was carried out using the Student t-test for non-dependent samples and linear correlation analysis; a Seventeen patients had bone biopsy, with prior double tetracycline labelling, and were processed without decalci-P value <0.05 was considered significant. fication with current technics and a histochemical stain for aluminium (Aluminon) [11] .
Patients were classified as mild hyperparathyroidism Results (MHPT ) (n=5), severe hyperparathyroidism (SHPT ) (n= 7) and adynamic bone disease (ABD) (n=8) according to bone histologic forms and/or clinical and humoral para-As can be seen in Table 1 , basal iPTH showed significmeters. Seven of the eight patients with adynamic bone ant differences between the three groups according to disease had aluminium in the bone. histological type.
In all patients, we used a functional stimulation test and Basal Ca2+ was higher in the adynamic group when an inhibition test of parathyroid glands. Both tests were compared with the severe hyperparathyroid group. performed during dialysis as has been described [10] . Initially, Maximal and minimal Ca2+ levels reached during the we performed a 4 h dialysis with 1 mEq/l of Ca2+ in the tests, as well as maximal and minimal variations of dialysate producing hypocalcaemia and maximal gland serum calcium in relation to basal calcium, were comstimulation. The inhibition test was carried out in the followparable in all groups. However, in spite of similar ing dialysis using a dialysate with 4 mEq/l of Ca2+ for 4 h, calcium levels, maximal and minimal iPTH were signiinducing hypercalcaemia and maximal gland inhibition.
Ionized calcium (Ca2+) and iPTH were determined before ficantly different in the three groups ( Table 1 , the beginning of dialysis and every hour during dialysis. Figure 1 The set-point was higher in hyperparathyroid Using Ca2+ and iPTH values from each patient, we defined patients than in the adynamic group, and it was higher individual Ca2+-iPTH response curves, and one curve for in SHPT than in mild forms ( Table 1, Figure 2 ). The each group was defined from the former. The curves were comparison between basal Ca2+ and set-point in each corrected with a statistical programme (Sigma Plot Scientific Graphing System) and they were analysed according to the group showed that in the basal situation the SHPT four-parameter model described by Brown (maximal PTH, group had lower calcium levels than at the correspondminimal PTH, set-point and slope) [6 ] .
ing set-point; on the contrary, the adynamic group had Our group defined the set-point as the serum calcium basal serum calcium higher than its own set-point corresponding to 50% inhibition of maximal iPTH without ( Table 1, Figure 1 ).
taking account of non-suppresible secretion. The slope was
The slope was greater in the hyperparathyroid calculated at the linear segment of the curve by eliminating groups than in the adynamic group (P<0.05), but no the asimptotic portions at both ends by subtracting 10% significant differences were observed between MHPT from the maximal PTH and adding 10% to the minimal PTH and SHPT ( Table 1, Figure 1 ).
for diminishing error factors, as has been pointed out by
The linear correlation analysis between basal, minFelsenfeld and co-workers [8] . All these parameters were analysed by expressing PTH percentages to allow a comparat-imal and maximal iPTH of each group showed a good 
According to data pointed out in the literature, this sigmoidal relationship between Ca2+ and iPTH is defined through four parameters (maximal PTH, slope, set-point and minimal PTH ) which would assess the functioning mass of parathyroid cells, its sensitivity to calcium variations and its degree of suppressibility [6, 12] . We added the analysis of basal iPTH, basal Ca2+, minimal and maximal Ca2+ and its respective variations in relation to basal value.
Calcium concentrations in basal conditions and during stimulation and inhibition tests were comparable in all three groups, but this was not so for iPTH concentrations. In basal conditions, iPTH was significantly greater in the SHPT group. This fact, as well Our results showed that the set-point of SHPT is higher than in mild forms and in ABD. part, the situation of relative hypoparathyroidism and its histological pattern with very poor cellularity and correlation, especially between basal and maximal absence of normal bone remodelling. Probably, the iPTH when all patients were considered together lower sensitivity to calcium serum variations, men-(r=0.94) ( Table 2) . tioned above, could contribute to the relative hypoparathyroidism found in ABD. The highest level of basal Ca2+ in these patients
Discussion
could be determined by a disturbance in Ca2+ incorporation into bone, as was demonstrated by Kurz et al.
[13]. In some cases, aluminium could be involved in Parathyroid gland function was evaluated in three groups of haemodialysis patients with different forms the poor incorporation of calcium into bone. The 
